The shear bond strength of a veneering composite (Solidex) and silver-palladium-copper-gold alloy (Castwell M.C.12) was evaluated for different duration times and irradiance for preliminary photo-polymerization. A veneering composite was applied onto a cast disk. Preliminary photo irradiation was performed using different duration times or irradiance. After final polymerization, the bond strength and the spectral distribution of each curing unit were determined. Shear bond strength was significantly higher for 90 s (12.4 MPa), than that for 0 s (8.3 MPa). With regard to the effect of irradiance, that from Solidilite (11.4 MPa) was significantly higher than that from Sublite S at 3 cm (8.7 MPa). The irradiance of Hyper LII and Sublite S at 3 cm was higher than Sublite S at 15 cm or Solidilite unit. Long time irradiation and low intensity is effective for preliminary irradiation in order to enhance the bond strength.
INTRODUCTION
Indirect composites designed for veneering cast frameworks are polymerized substantially using laboratory light curing units. Xenon flash and halogen lamps are representative light sources for laboratory polymerization apparatus. A metal halide lamp has been introduced thereafter for laboratory polymerization 1, 2) . Application of high intensity photo curing units is effective for improving physical properties [2] [3] [4] , wear resistance 5, 6) , and monomer conversion 5) of indirect composites.
High irradiance in the early stage of polymerization, however, negatively affected the integrity of the interface between restorative composites and dentin cavities 7, 8) , due to shrinkage during polymerization [9] [10] [11] . Moreover, initial high irradiance reduces the bond strength of restorative composites 12, 13) ; thus, the soft-start polymerization method is recommended 14) . Similarly, bond strength between indirect composite and alloy may be reduced if composite is polymerized in the early stage with a high intensity laboratory curing unit. There are considerable differences between direct and indirect composites. Laboratory polymerized indirect composites bond to alloys in the presence of adhesive opaque resins, whereas direct composites bond to tooth structures by means of unfilled resin bonding agent. Indirect and direct composites also differ in composition, which influences polymerization shrinkage 15) . In addition, laboratory and hand-held curing units differ considerably concerning structure of unit, light source, wavelength distribution, and light energy.
Indirect composite is frequently irradiated with an intermediate photo curing unit. Preliminary soft irradiation by means of a low intensity unit may improve bond strength between indirect composite and alloy. Only limited information, however, is available about the influence of application of an intermediate laboratory light curing unit on the bond strength of indirect composites to framework materials 16, 17) . The purpose of this study was to investigate the effect of duration and irradiance of preliminary light exposure on the shear bond strength between an indirect composite and a silver-palladium-copper-gold alloy.
MATERIALS AND METHODS

Materials
The materials used in this study are summarized in Table 1 . An age hardenable silver-palladium-coppergold alloy (Castwell M.C.12, GC Corp., Tokyo, Japan) was selected as the substrate material. A single liquid primer (M.L. Primer, Shofu Inc., Kyoto, Japan) was used for priming the alloy. The primer contained 10methacryloyloxydecyl 6,8-dithiooctanoate (10-MDDT) and 6-methacryloyloxyhexyl phosphonoacetate (6-MHPA) as adhesive functional monomers. An indirect composite material (Solidex, Shofu Inc.) was assessed as a veneering composite.
Three laboratory curing units were employed ( Table 2 ). The Sublite S intermediate curing unit (SU; Shofu Inc.) is equipped with a halogen lamp. The lamp is directed vertically downwards, where the prosthesis is held by hand. The Solidilite unit (SO; Shofu Inc.) is a box form photo curing unit that employs four halogen lamps, the same type as the SU unit. The lamps are positioned obliquely downward, in order to collect the light onto the center of the turntable, where the veneered prosthesis is placed. The Hyper LII unit (HY; Toho Dental Products Co., Ltd.) is a universal high intensity laboratory curing unit for indirect composites, which has two metal halide lamps 1) . The lamps in this unit are also positioned obliquely, pointing downwards.
Spectroscopic Analysis
The spectral distribution of each photo curing unit was determined using a spectroradiometer (USR-40 D, Ushio Inc., Tokyo, Japan) with a 1/10 neutral density (ND) filter, and scanning from 200-800 nm. The spectral distribution of the Sublite S unit was measured at a distance of 15 cm (SU-15) and 3 cm (SU-3) from the lamp of the unit. The 3-cm distance is a typical one for the laboratory polymerization of composite material, although the manufacturer of the Sublite S unit does not recommend a specific distance between the lamp and the material. The 15-cm distance, which is a similar distance between lamp of box type curing unit and floor of the unit, was set as the control. The spectral distribution of the Solidilite and Hyper LII units was measured in each of the form photo curing units. The measurement probe was placed on the turntable facing upward, in the same position where the shear bond strength test specimens were polymerized. Measurements were performed under the same conditions as that for polymerization, with one exception; that the doors of the Hyper LII and the Solidilite units were opened. Measurements were started 3 s after onset of the exposure, and were repeated three times with an interval of 5 min.
Shear Bond Strength Test
Disk specimens (10 mm in diameter by 2.5 mm in thickness) were cast from the alloy according to the manufacturer's instruction. All disks were ground flat using No. 1,500 silicon-carbide abrasive paper followed by air-abrasion with aluminum oxide (Hi-Aluminas, Shofu Inc.) for 10 s. Air pressure was 0.2 MPa and the distance between the aperture and the specimen surface was approximately 5 mm. A piece of tape with a 5-mm circular hole was positioned on the disk surface to define the bonding area. All disk surfaces were primed with the primer using an applicator (Micro tip applicator, GC Corp.), and air-dried. A thin layer of opaque resin was placed on the primed metal surface using a brush. Each disk was polymerized at the center of the turntable of the Solidilite unit for 180 s. After irradiation, an additional opaque layer was applied over the first layer and polymerized in the same way. A brass ring (2-mm thick and 6-mm internal diameter, and 1-mm wall thickness) was then positioned on the tape. The dentin portion of the Solidex composite (A3) was slightly over filled to the top of the brass ring. A glass slide was pressed onto the brass ring to displace excess composite, and was then removed prior to polymerization. Preliminary photo-polymerization was then performed. The specimens were polymerized with the Sublite S unit at a distance of 15 cm from the lamp for duration of 0 (SU-0), 30 (SU-15-30), 60 (SU-15-60), and 90 (SU-15-90) s, respectively. Other specimens were polymerized with the Sublite S unit for 60 s at a distance of 3 cm (SU-3-60) from the lamp, and with the Solidilite unit for 60 s at a distance of 9 cm (SO-9-60) from the lamps, where the light was focused.
Eight specimens were assessed for each polymerization mode. After the preliminary irradiation, all specimens were positioned at the center of the Hyper LII unit turntable, 9 cm from the lamp, and polymerized for 90 s. Thirty minutes after polymerization, the specimens were stored in 37°C distilled water for 24 h. The shear bond strength was then measured with a mechanical testing device (Type 5567, Instron Corp., Canton, MA, USA) at a crosshead speed of 0.5 mm/min. After shear bond testing, the fractured surfaces were analyzed with a stereomicroscope (Stemi DV4, Carl Zeiss GmbH, Jena, Germany) at 32X magnification to assess the failure mode (adhesive failure at the alloy-opaque composite interface; A, cohesive failure inside the body composite; C, or combination of adhesive and cohesive failures; AC).
Data distributions and the equality of variances were evaluated, and the average values and standard deviations (SD) of the eight specimens were calculated. The homogeneity of variance was analyzed using the Bartlett test. The values of each group were then compared with the Tukey-HSD (honestly significant difference) multiple comparisons test, using the value of statistical significance at the 0.05 level to evaluate the effect of irradiation duration or irradiance of preliminary irradiation. Figure 1 shows the spectral distributions of the Hyper LII and Sublite S (15 cm, SU-15) units. The spectral distribution of the Hyper LII unit displays spikes, whereas the distribution of the Sublite S unit demonstrates a smooth curve. The spikes of the Hyper LII unit, 366 nm and 436 nm, are derived from the discharge of metal halide lamps, whereas the smooth curve of the Sublite S unit, with a peak at 515 nm, was generated by halogen lamp. The irradiance of the Hyper LII unit was considerably higher than that of the Sublite S unit. The three distributions in Figure 2 are similar; however, the irradiance is different. The spectral distribution of the Hyper LII unit between 400 and 500 nm is also indicated in Figure 2 . The irradiance of Hyper LII and Sublite S (3 cm, SU-3) was higher than that of Sublite S (15 cm, SU-15) and Solidilite.
RESULTS
The shear bond testing results are summarized in Tables 3 and 4 . Table 3 shows the effect of preliminary irradiation with the Sublite S unit on shear bond strength. Bond strength of the composite joined to the alloy ranged from 8.3 MPa to 12.4 MPa. Bond strength of a preliminary irradiated group (SU-15-90) was significantly higher than that of the group without preliminary irradiation (SU-0). Table 4 shows the sorption and compressive strength [2] [3] [4] . The current results suggest that the irradiance of the Hyper LII high-intensity curing unit is considerably higher than that of the Sublite S halogen curing unit. For this reason, the Hyper LII unit is expected to provide a composite with improved properties. By comparing the duration times, the highest bond strength was observed with SU-15-90, followed by -60, -30, and -0, with the only significant difference observed between SU-15-90 and SU-0. The irradiance of Sublite S (15 cm, SU-15) was significantly lower than Hyper LII for wavelengths between 400-500 nm, which the Solidex composite requires for polymerization according to the manufacturer. The low irradiance of the Sublite S unit was effective for preliminary irradiation and enhancement of the composite bond strength. Moreover, the results suggest that longer duration of irradiation causes higher bond strength. These results agreed with the report of Tanoue et al., which demonstrated the influence of the duration of preliminary irradiation on the bond strength between a veneering composite and gold alloy 16) . It was concluded that the long duration of preliminary irradiation enhanced the bond strength.
Intermediate curing units probably require longer duration to polymerize because of low irradiance. The influence of irradiance on bond strength was also examined. The Sublite S unit and the Solidilite unit employ common halogen lamps; therefore, the spectral distributions of SU-15, SU-3 and Solidilite are similar, and only the irradiance is different. The Solidilite unit is a box form and is designed for multidirectional irradiation. For this purpose, the four lamps are set obliquely. Thus, the irradiance from the ceiling of the Solidilite unit may be lower than that from the Sublite S unit. The bond strength of the Solidilite sample was not significantly different from that cured using the Sublite S unit (15 cm, SU-15). A slight difference in the irradiance of Solidilite and SU-15 did not seem to influence the bond strength. However, the bond strength of the SU-3 sample was significantly lower than those of the Solidilite samples, and was inversely proportional to the irradiance. The results suggested that strong irradiance reduces the bond strength between the veneering composite and the silver-palladium-copper-gold alloy. A similar result has been reported for restorative composites and dentin; according to Silva et al., soft-start polymerization (composite was irradiated with low irradiance for 10 s, followed by high irradiance) led to an increase in bond strength 18) . Santos et al. investigated the effect of irradiance in the early stage of soft-start polymerization on the bond strength 12) . The results of their study and the present findings suggest that initially low irradiance enhances bond strength. The opaque composite layer of all specimens was polymerized in the specimen preparation procedure with an identical condition. However, all of the specimens showed adhesive failure at the interface between the alloy and opaque composite. The authors speculate that the statistical difference in bond strength between SU-0 and S-15-90 (Table 3) is derived from the difference in mechanical strength between light exposed composite specimens, although the strength of the composite alone was not determined in this study. This speculation is derived from the fact that bond strength is generally affected by mechanical strength of adherend materials, when the condition of the adhesive interface and alloy is identical. Also, the authors speculate, from the results of Table 3 , that soft polymerization with extended time period (SU-15-90) using the preliminary unit is effective for the enhancement of both mechanical strength of the veneering composite and bond strength between the composite and alloy.
The results of Table 4 showed that the bond strength of the group SU-3-60 was lower than that of the group SO-9-60. Figure 2 presents that the energy emitted from the SU-3 system is greater than that of the SO-9 system. The authors consider that radiation of high energy within a short time period induces separation between the composite and adherend alloy. This speculation is not contradictory to the experimental results.
In the present study, low irradiance in the initial stage of polymerization is suspected as having a significant influence on the bond strength. The results of this study also suggest that the distance between the prosthesis and the lamp of the intermediate curing unit is a relevant parameter for consideration, because the distance can be changed easily and can affect the bond strength.
